Objective : To investigate nationwide statistics on flow-diverting stent usage for cerebral aneurysm treatment and related mortality data. Methods : We requested data extraction from the National Health Insurance Service claims database using electronic data interchange codes (J3207064, J3207073). Patient and hospital information as well as death statistics were collected from the database. Results : A total of 169 procedures were performed using flow-diverting stents for cerebral aneurysm treatment from November 2014 to December 2016 in Korea. The majority of primary diagnosis was unruptured intracranial aneurysm. During the study period, nine subjects died, including one patient initially diagnosed with subarachnoid hemorrhage. The crude mortality rate was 5.3%. Five patients died within one month after the procedure; therefore, the estimated periprocedural mortality rate was 3.0±1.3%. The mortality rate as of the last day of 2016 was 6.3±2.1%.
INTRODUCTION
Intracranial aneurysm (IA) causes subarachnoid hemorrhage (SAH), which can be fatal. The standardized incidence of IA in Korea was 52.2 per 100,000 person-years, and more than half were diagnosed as unruptured intracranial aneurysm (UIA) 4) . Although clipping of an aneurysm had been regarded as the treatment of choice, endosaccular coil embolization has also become a standard treatment option since the International Subarachnoid Aneurysm Trial Collaborative Group reported promising results for endovascular treatment of IA 5) . Development of innovative endovascular devices such as intracranial stents has promoted the extension of indications for endovascular IA treatment. The flow-diverting stent (FDS) is among the https://doi.org/10.3340/jkns.2017.0218 valuable innovations in the field of endovascular neurosurgery 3) . The concept of management had shifted from endosaccular to endoluminal treatment. However, the literature regarding FDS use has reported high neurological morbidity and mortality rates 7) . In Korea, the FDS has been covered by the National Health Insurance Service (NHIS) since November 2014 using the following criteria : 1) UIA diameter 15 mm or larger, or 2) blister aneurysm of the internal carotid artery, dissecting aneurysm of the vertebral artery, or fusiform aneurysm, each measuring less than 15 mm. Thus, we designed this study to investigate nationwide statistics on FDS usage based on claims data from the NHIS, a universal medical insurer in Korea. In addition, we analyzed mortality data after FDS treatment using death statistics provided by the NHIS.
MATERIALS AND METHODS

Data acquisition
The NHIS review board approves selective claims data requests for research purposes. Because this public database is anonymized, institutional approval was waived by the institutional review board (X-1703-388-906). We requested data extraction using electronic data interchange (EDI) codes J3207064 (Surpass flow diverter; Stryker, Kalamazoo, MI, USA) and J3207073 (Pipeline embolization device; Medtronic, Minneapolis, MN, USA). Other FDS devices were not coded in the Korean EDI system. All medical expenditures through December 31, 2016 were extracted, including previous use for any subject treated with an FDS. Information about hospital claims data were also recorded. Demographic data of patients including sex, age, short address, income level, and survival status were collected for the day of treatment.
Statistical analysis
Open-source statistical software R version 3.4.0 (R Foundation for Statistical Computing, http://www.r-project.org) was used for statistical analysis. Kaplan-Meier survival analysis was performed to estimate mortality over time after a procedure using relevant packages (survival, https://cran.r-project.org/ package=survival; survminer, https://cran.r-project.org/package= survminer).
RESULTS
Patients
Among 169 patients, 116 were female (68.6%). Seventeen patients (10.1%) were <40 years old at the time of treatment, while 78 (46.2%) were ≥60 years old. The remaining 74 patients (43.8%) were between 40 and 59 year-old. As age data were provided by age group, mean and standard deviation could not be determined.
The most common diagnosis code linked with FDS was UIA (n=132, 78.1%), followed by unruptured dissection (n=27, 16.0%) and SAH (n=10, 5.9%). The prevalence of hypertension, diabetes, and dyslipidemia was 70.4%, 31.4%, and 62.1%, respectively.
Originally, income level was divided into 20 grades; 20 was highest and level 0 referred to the medical assistance group. We divided income level into lowermost, lower, upper, and uppermost quartiles, excluding the medical assistance group. Case numbers were directly proportional to quartile income level. Sixty (35.5%) patients were in the uppermost quartile, whereas 34 (20.1%), 31 (18.3%), and 23 (13.6%) were in upper, lower, and lowermost quartiles, respectively. Twenty-one (12.4%) were medical assistance patients. Most patients presented to the outpatient clinic on the initial visit to the hospital (n=157, 92.9%). Only 12 patients were admitted via the emergency department (7.1%). Mean duration of hospital stay was 10.4±8.2 days. Patient characteristics are summarized in Table 1 .
The most frequent residence address was Seoul (n=37, 21.9%), followed by Gyeonggi-do province (n=34, 20.1%), Busan (n=24, 14.2%), and Gyeongsangnam-do province (n=15, 8.9%), respectively ( Table 2) .
Procedure statistics
From November 2014 to December 2016, a total 169 procedures were performed using the Pipeline embolization device in 169 patients. There were no records of Surpass flow-diverter use. Eighty-three and 73 procedures were performed in 2015 and 2016, respectively. The average number of procedures was 6.5±2.1 per month. The majority of procedures (n=130, 76.9%) were performed in tertiary referral hospitals, with the rest (n=39, 23.1%) in general hospitals. Among all claims data, most were issued by a department of neurosurgery (n=166, 98.2%), with a single case each by departments of internal medicine, neu-rology, and rehabilitation medicine. More than half of the procedures were performed in Seoul (n=89, 52.7%), followed by Gyeonggi-do province (n=22, 13.0%), Busan (n=20, 11.8%), and Ulsan (n=17, 10.1%), in accordance with the location of hospitals (Table 2 ).
Mortality after FDS treatment
Patient records were followed up for 12.1±7.8 months after a procedure. Thus, the total observation size was 171 personyears. During the observation period, 9 patients died. Among mortality cases, eight (88.9%) were initially treated for a diagnosis of UIA. A single patient diagnosed with SAH underwent FDS placement and died 21 days after the procedure.
Within one month after the procedure, five patients including one SAH patient died, and the estimated mortality rate was 3.0±1.3%. At 1-year after the procedure, the mortality rate was 5.2±1.8%, based on eight deaths. The mortality rate as of the last day of 2016 was 6.3±2.1% (Fig. 1) .
DISCUSSION
Preventive treatment for UIA should be recommended based on estimated rupture risk and procedure-related risk. In considering the life-long rupture risk of a UIA, we must evaluate the long-term adverse effect of each treatment modality, as well as the periprocedural risk. Although long-term efficacy and safety of aneurysm clipping or endosaccular coiling are relatively well known, we know little about FDS use. A recent meta-analysis reported FDS-related mortality as 3.8% and morbidity as 9.8% among 2826 aneurysms 7) . The Pipeline for Values are presented as number (%) Uncoilable or Failed Aneurysms study showed a 3.7% crude mortality after FDS treatment for complex internal carotid artery aneurysms 1) . In this investigation, we estimated mortality after FDS treatment in Korea. More than 94% of patients underwent FDS for the diagnosis of UIA. Furthermore, more than 92% of patients initially presented to hospitals via the outpatient clinic. In sum, most patients were treated electively. An all-inclusive dataset recorded a 6.3% mortality rate during a mean follow-up of 12.1 months. Based on the NHIS coverage criteria, the treated aneurysms might have been larger and more complex than those usually treated.
To judge acceptable risk, we should consider the natural history of UIAs, especially those that are larger or more complex. The natural course of aneurysms was reported by several previous studies. One large cohort study in Korea reported an annual UIA rupture risk of 1.0%, regardless of size and location. Notably, the annual rupture risk of a UIA larger than 7 mm in any location was 1.7% 2) . In another prospective cohort study of internal carotid artery aneurysms in Japan, a UIA measuring 7-24 mm had a 1.1-1.2% annual rupture rate 6) . The rupture risk of giant (≥25 mm) internal carotid UIAs was 10.6%.
A critical limitation of this study was linked to the limitations of the NHIS database. First, due to the nature of a claims database, image archiving was not available. Thus, we could not identify the location, size, and shape of aneurysms, which are important factors related to rupture risk and procedurerelated risk. Second, as the database did not include medical records, detailed information about aneurysm-related symptoms was absent. Similarly, neurologic morbidity caused by the FDS could not be captured in the NHIS database.
Although we could identify the date of death, the cause of death was masked as sensitive personal information by the NHIS. However, the date of death was accurate. In Korea, every death must be reported by law, and government offices share death statistics with the NHIS.
CONCLUSIONS
During a 171 person-year follow-up in a Korean series, nine deaths occurred after FDS treatment. The crude mortality rate in Korea (5.3%) was higher than reported in a previous metaanalysis (3.8%). Estimated mortality using survival analysis was 6.3±2.1% at the end of the study period. 
